Abstract A principal goal of conservation efforts for threatened and endangered taxa is maintenance of genetic diversity. Modern and historic processes that limit population size can contribute to a loss of genetic variation that can reduce future adaptability of a species. Buff-breasted Sandpipers (Calidris subruficollis) are a Neotropical migratory shorebird that experienced rapid, large-scale declines in population numbers (population bottleneck) due to intensive market hunting at the turn of the 20th century. Market hunting ended shortly after the passage of the Migratory Bird Treaty Act in 1918, but subsequent population losses have occurred due to continued anthropogenic disturbances throughout the species' migratory range. To assess the impact of population declines on the genetic variation of Buff-breasted Sandpipers, we surveyed two mitochondrial DNA (mtDNA) markers, the control region and cytochrome b, from 209 museum specimens collected between 1874 and 1983 and 460 modern samples collected between 1993 and 2009. Measures of mtDNA variation did not change significantly among individuals sampled before and after the ban on market hunting, nor among four temporal groups (Pre-Act, Early Post-Act, Late Post-Act, and Modern; trend analysis: v 2 = 0.171, P = 0.679). Similarly, we did not observe loss of common haplotypes, implying that there was no substantial reduction in unique matrilineal units during our 135-year study period. Using Bayesian Skyline reconstruction of temporal changes in effective population size of females (N ef ), we concluded that N ef has been stable for the past century. Results of resampling suggest that diversity estimators can be imprecise and we emphasize the importance of a wellrounded analytical approach to addressing conservation genetic hypotheses. Considering all of the evidence it appears that genetic variation and N ef were stable despite the pressures of market hunting early in the 20th century and habitat loss and degradation in the latter half of the 20th century. Conservation efforts should continue to focus on maintaining the population size of Buff-breasted Sandpipers to avoid reaching a threshold where genetic variability is lost.
Introduction
Maintenance of genetic variation is a central objective of conservation efforts for a wide diversity of threatened taxa (Spielman et al. 2004 ). This key management goal is based on the principle that populations with greater genetic variation are more resilient to environmental stochasticity and the deleterious effects of inbreeding (Soulé 1991; Brook et al. 2002; Frankham 2005) . Events in the past, either natural such as climate-induced range contraction or anthropogenic such as habitat loss, can reduce population size and erode genetic variation, which has the potential to reduce fitness . In order to better understand the vulnerability of imperiled taxa to these genetic forces, the impact of past events needs to be elucidated.
Often, the impacts of historic processes are inferred from genetic characteristics of contemporary populations. Historic DNA (hereafter, hDNA) isolated from museum specimens allows conservation geneticists to examine effects of historic events directly instead of relying on inference from study of contemporary specimens (Ramakrishnan and Hadly 2009). If low genetic diversity is the result of recent population declines, contemporary sampling may underestimate the loss of unique alleles or lineages not observed in contemporary samples (Johnson et al. 2007) , and researchers might misinterpret the impact of population declines on their study system. Using historic samples allows conservation geneticists to elucidate finescale population trends, and thus hDNA can provide a historical perspective on large-scale population declines that may not be apparent from contemporary sampling alone (Wandeler et al. 2007; Mourier et al. 2012) . Furthermore, museum collections allow for robust sampling of hDNA over long time periods, allowing the assessment of long-term changes in population size on genetic variation.
Many species of migratory shorebirds (Aves: Charadriiformes) have experienced major population declines during the past 150 years (Andres et al. 2012) . Initially, largescale declines in North America were associated with intensive market hunting of migratory birds in the late 1800's (Sutherland et al. 2012 ) resulting in population bottlenecks for many migratory shorebirds at the turn of the last century. Some of the species negatively affected were the American Golden-Plover (Pluvialis dominica, Clay et al. 2010) , American Oystercatcher (Haematopus palliatus, George 2002), Buff-breasted Sandpiper (Calidris subruficollis, Lanctot and Laredo 1994) , Long-billed Curlew (Numenius americanus, Allen 1980), Eskimo Curlew (N. borealis, Roberts et al. 2009; Graves 2010) , and the American Woodcock (Scolopax minor, Weik 2001) . With the enactment of the Migratory Bird Treaty Act in 1918 and legislation passed in the 1920s in South America (Wetmore 1927) , commercial harvest was slowed and eventually halted for most species. Estimates of population size indicate that some species stabilized during the period following the ban on market hunting, but the genetic effects of large-scale harvest of migratory shorebirds remain unclear (Burleigh 1958; Tudor 2000) . To date, no studies have used hDNA to investigate the impacts of large-scale population losses on genetic variation in any species of shorebirds.
Population pressures on migratory shorebirds have shifted over the past century from a population bottleneck due to market hunting to more gradual declines due to loss or alteration of suitable habitat, exposure to environmental contaminants, climate change, and other anthropogenic disturbances (Butler et al. 2004; Morrison et al. 2006; Andres et al. 2012; Sutherland et al. 2012) . Population losses and the concomitant loss of genetic variation associated with these slow but sustained pressures over multiple generations have been linked to inbreeding depression and negative impacts on adaptability and fitness. Assessing the genetic effects of gradual declines is crucial to the management of shorebirds and other wildlife populations (Westemeier et al. 1998) .
The Buff-breasted Sandpiper (C. subrifucollis) is a Neotropical migrant that breeds along the Arctic coasts of Russia, Alaska, and Canada; migrates primarily through the central portion of North and South America; and winters in the grasslands of southeastern South America ). Birds have a broad longitudinal distribution during the breeding and nonbreeding season, but concentrate along the Central Flyway during spring and fall migration in places like the Rainwater Basin of southcentral Nebraska and coastal areas of Texas and Louisiana (Lanctot and Laredo 1994; Jorgensen et al. 2008; Norling et al. 2012) . Like other shorebirds, this historically abundant species underwent substantial population declines in the past 150 years. A pulsed, rapid decline of Buff-breasted Sandpipers resulting in a population bottleneck was largely attributed to market hunting in the late 1800's and early 1900's (Rowan 1927; McIlhenny 1943; Myers 1980) , with pre-exploitation estimates of Buff-breasted Sandpipers ranging into the hundreds of thousands of birds . Subsequent to the ban on market hunting, anthropogenic disturbances along migratory routes, including the loss of grassland habitat and exposure to toxic environmental contaminants, likely resulted in less dramatic but steady population losses Strum et al. 2010) . Contemporary estimates of global population size for Buff-breasted Sandpipers range from 15,000 to 84,000 birds. Limited trend data available suggest the species has continued to decline in recent decades Andres et al. 2012) , although new results from grassland surveys at 11 locations in three countries in South America suggest the population size was stable between 2008 and 2011 (Southern Cone Grasslands Alliance, unpublished data) .
The population dynamics of Buff-breasted Sandpipers over the past 150 years provide a unique opportunity to empirically assess temporal changes in genetic characteristics during a known population bottleneck and followed by nearly a century of gradual population declines. The goal of our study was to estimate the impact of rapid and gradual changes in population size on mitochondrial DNA (mtDNA) variation in Buff-breasted Sandpipers. We chose to use mtDNA markers to address the timing of population decline and loss of unique lineages. Analyses of contemporary populations with nuclear markers did not find evidence of a genetic signal associated with a population decline nor did they reveal any sex-biased population structure (Lounsberry et al. 2013 ). We chose not to use nuclear markers such as microsatellites due to the age of specimens and quality and quantity of DNA, which can result in high genotyping error rates and underestimates (due to allelic dropout) or, less frequently, overestimates (due to false alleles) of historic allelic variation (Wandeler et al. 2007; Millar et al. 2008) . Previous studies have successfully used mitochondrial markers in hDNA samples to reveal declines in genetic diversity over time in several species of birds (Martinez-Cruz et al. 2007; Solovyeva and Pearce 2011; Draheim et al. 2012) . We sought to evaluate changes in mtDNA variation and female effective population size (N ef ), as well as the possible extirpation of unique matrilineal units. We predicted that mtDNA variation and N ef would be greater before the large-scale market hunting of Buff-breasted Sandpipers than in the decades following the cessation of hunting. We also predicted an ongoing decay in genetic variation as Buff-breasted Sandpiper populations continued to decline during the 20th century.
Methods

Sampling and DNA extraction
We obtained a total of 209 Buff-breasted Sandpiper tissue samples from either shafts of contour flank feathers or toe pad shavings from ten collections at natural history museums in the U.S. We compared historical samples to 460 modern samples. Historical samples represented birds collected from 1841 to 1983 across the species' distributional range (Fig. 1 , Online Resource 1). To assess temporal changes in genetic variation, we binned individuals into four temporal groups prior to laboratory analysis. Groups were defined relative to the timing of the passage of the Migratory Bird Treaty Act, the event that signaled the end of the initial population bottleneck. These groups included (1) Pre-Act (1874-1919, n = 80), (2) Early PostAct , n = 62), (3) Late Post-Act , n = 67), and (4) Modern (1993 Modern ( -2009 ; the number of samples for which we obtained sequence was smaller (see ''Results'' section). Early Post-Act represents the period of time prior to the widespread use of pesticides and industrialized agriculture, while Late Post-Act and Modern represent time periods marked by increasing industrialization of agriculture and loss of habitat.
In addition to temporal variation in sampling, our museum specimen locations were likely representative of animals throughout their breeding and wintering range (Fig. 1) , because the location of our museum specimens overlapped with the current distribution of the species. This assumes, however, that there has been no major range shift over the past century. (Fig. 1, Online Resource 1) . In addition, a large proportion of the historic samples were collected in the Central Flyway of North America, which is the principal migratory route used by the species to migrate between the breeding and wintering grounds; thus, samples from the Central Flyway should be representative of the global population . Population genetic studies of contemporary Buff-breasted Sandpipers support this observation; genetic variation of groups collected in the flyway did not differ from breeding or wintering groups and the species was characterized as one globally admixed population (Lounsberry et al. 2013) . Using a combination of mtDNA and microsatellite markers, Lounsberry et al. (2013) found no genetic structure within breeding or wintering grounds nor among breeding, wintering and stopover sites. Thus, for purposes of analysis in this study of museum specimens, we assumed admixture across sampling locations and defined analytical groups solely by collection date.
We extracted DNA from all tissue samples using phenol-chloroform extraction procedures modified from Wisely et al. (2004) . Depending on the type of tissue received for each museum specimen, we extracted one to three feather shafts or one toe pad per individual. All samples were chopped finely with a clean razorblade and incubated overnight in lysis buffer before starting the phenol-chloroform extraction. We eluted extracted DNA to 150 ll in sterile water and stored it in the laboratory at -20°C.
To minimize possible contamination of hDNA samples, we performed all extractions in a genetics laboratory dedicated to handling of historic samples. We bleached counter surfaces and equipment using a 10 % bleach solution before and after every extraction to reduce risk of contamination. Every set of twelve extractions contained one or more negative controls that followed the entire tissue extraction procedure but used a water blank instead of a tissue sample. We tested each negative control for contamination via polymerase chain reactions (PCR) amplification. To minimize all possible sources of PCR contamination, personnel entering the laboratory showered prior to entry and wore protective clothing that was kept exclusively in the laboratory.
DNA amplification and sequencing
We amplified DNA samples by PCR using novel primers developed for this project (Online Resource 2). Since hDNA is typically highly fragmented, we designed novel primers to amplify two short (approx. 250 bp each), overlapping segments within the mtDNA control region, and four segments within the cytochrome b gene. Prior to processing museum specimens, we optimized primer conditions using DNA extracted from blood samples collected from Buff-breasted Sandpipers in the past two decades (hereafter, modern samples; Lounsberry et al. 2013) . Once primers were optimized, we ordered primer oligonucleotides to be used exclusively in the hDNA lab to avoid possible contamination from the molecular laboratory that housed modern samples.
We amplified DNA from museum specimens in PCR mixtures at a volume of 25 ll containing 2 ll template DNA in final elution, 5 ll 19 reaction buffer (MgCl 2 included; Thermo Scientific), 0.2 mM of each dNTP, 0.5 lM of each forward and reverse primer (Online Resource 2), 2.5 lg bovine serum albumen (BSA), and 0.1 U of Phire Hot Start II DNA polymerase (Thermo Scientific). Thermal profiles consisted of one 30 s denaturation step at 98°C followed by 35 cycles combining a 5 s denaturation step at 98°C, a 5 s annealing step at 50°C, and a 10 s extension at 72°C, and a final extension step for 1 min at 72°C. We sequenced PCR products in both directions at University of Kentucky AGTC Sequencing Center via BigDye reactions with the same forward and reverse primers used for amplification.
We assessed chromatographs by eye for errors in the resulting forward and reverse sequences and then compiled the information into consensus sequences in Bioedit version 7.0.5.3 (Hall 1999) . We aligned consensus sequences visually in MEGA4 (Tamura et al. 2007 ). We then assembled both segments of the control region and three of the four segments of cytochrome b, respectively, for analyses. Because of the low quality of hDNA, we were not Fig. 1 Locations where museum specimen and modern Buff-breasted Sandpiper samples were obtained. Groups include Pre-Act (1874 -1919 , Early Post-Act (1920 -1959 , Late Post-Act (1960 -1983 ), and Modern (1993 successful in amplifying our full target cytochrome b segment for all museum specimens. Thus, we conducted cytochrome b analyses solely on individuals that successfully amplified at three of the four segments, CytB2-CytB4. We archived sequences representing each of the haplotypes recovered from museum specimens with voucher information in Genbank (Accession Numbers JX123379-JX123419).
MtDNA variation
For temporal comparisons, we supplemented our hDNA sequence database with modern samples of sandpipers analyzed by Lounsberry et al. (2013) . Modern samples were obtained from live Buff-breasted Sandpipers captured at breeding, migration, and wintering sites after 1992. Before conducting phylogenetic analyses, we trimmed modern sequences to cover the same segments amplified from the hDNA obtained from museum samples. We translated hDNA cytochrome b sequences from nucleotide to amino acid sequences in MEGA4 to confirm that sequences were fully coding, had no frameshift mutations or premature stop codons, and showed no evidence of nuclear pseudogene amplification (Rodríguez et al. 2007 ). We resequenced a small subset (10 %, 20 individuals) of individuals to confirm sequence identity.
We also compared individuals collected before (pre-1920) and after ) the end of commercial harvest. To assess possible losses of unique matrilines over our study period, we used the Tempnet package in R version 2.12.2 to construct a statistical parsimony network for all four temporal groups (R Development Core Team 2010; Prost and Anderson 2011) . Because the most common haplotype was found in [50 % of individuals, we also assessed changes in haplotype distribution by using the relationship between Snedecor's F distribution and a binomial distribution to assign 95 % confidence intervals to the proportion of individuals with the most common haplotypes in each temporal group (Zar 1984) . We also calculated standard molecular diversity indices including number of haplotypes (h), H d , and nucleotide diversity (p) for both mtDNA regions for all temporal groups, as well as pre-and post-Act groups, in DnaSP version 5 (Librado and Rosaz 2009 ). We estimated Ustatistics from analyses of molecular variance (AMOVA) among temporal groups to determine a signal of population differentiation between time points using 1,000 permutations in Arlequin version 3.5 (Excoffier et al. 2005) . To test for potential declines in the number of haplotypes over time, we calculated the ratio of unique haplotypes to individuals (h/N) for all temporal groups and performed a Cochran-Armitage test for trend on the proportions in R (Armitage 1955) . Specifically, this modified Pearson v 2 test generalizes a two-sample Z test to check for a linear trend (i.e., increasing or decreasing) in frequencies of proportions among multiple categorical groups. In this case, the null hypothesis is that there is no linear trend between temporal groups and the number of haplotypes per individual. A significant v 2 test statistic supports the hypothesis of a trend in proportions over time. To account for differences in sample sizes among hDNA temporal groups when estimating the number of haplotypes, we conducted a rarefaction correction for the number of haplotypes expected from a larger group of samples in EstimateS version 8.2.0 (Colwell 2009 ). Specifically, we combined all haplotypes from our entire sequence dataset to predict the number of haplotypes that would be expected in each temporal group based on the rarefaction curve plotted from a sample that was a full order of magnitude larger (n = 669) than our hDNA temporal groups (average n = 50).
Sample size and diversity indices
We obtained a larger sample size than is typical of conservation-focused hDNA studies for shorebirds from museum specimens (e.g., n = 49 in Draheim et al. 2012 and n = 209 in present study), but still smaller than the contemporary samples (n = 460). A large sample size was critical to our study, because of the low diversity of haplotypes in the modern population (Lounsberry et al. 2013) . To be confident that we were sampling an adequate number of individuals to overcome this limitation, we needed to sample a larger-than-average number of historic specimens. To determine whether the sample size of the historic temporal groups did not bias estimates of haplotype diversity (H d ), we performed a series of 500 random resampling iterations with replacement from our large modern sequence dataset (control region n = 460 and cytochrome b n = 438 sequences) at adjusted sample sizes to assess the impact of sample size on H d . We used the variance from the 500 estimates at each sample size to assign 95 % confidence intervals. For temporal comparisons, we used a value of H d adjusted to the mean sample size of museum temporal groups (control region n = 48 and cytochrome b n = 51).
Demographic reconstruction
To empirically test for demographic trends in mtDNA variation over our study period, we used several methods of temporal demographic reconstruction. To assess changes in female effective population size, we estimated Watterson's h (h w ) to use as a proxy for N ef in DnaSP. Since mtDNA is maternally inherited, effective population size estimates derived from mtDNA haplotype data are expressed in numbers of breeding females by: h ¼ 2Nef l, where N ef is the effective population size of females, and l is the mutation rate per site per generation. However, h has been shown to yield inflated estimates of historical effective population size, so we chose solely to interpret our patterns of changing h over time as a proxy for N ef rather than calculating the values themselves (Palsbøll et al. 2013) . To verify our estimates, we used cytochrome b sequences from samples with known tip dates to visualize fluctuations in N ef graphically. Using tip-dated sequences allowed us to look at recent changes in N ef with greater resolution. To choose the best-fit nucleotide mutation model, we used model selection based on Akaike's information criterion (AIC) in jModelTest version 3.7 (Posada 2008) . We then estimated changes in population size over time performing 10 7 iterations (discarding the first 10 6 as burn-in) of MCMC simulations, and by imposing a Bayesian skyline plot as our demographic model in BEAST version 1.6.2 (Drummond and Rambaut 2007) .
Results
Sample size and diversity indices
Resampling iterations revealed that even at large sample sizes (n = 200), H d was sensitive to which individuals were randomly sampled from the global population of Buff-breasted Sandpipers. While mean estimates of H d were similar from small to large sample sizes, variation in point estimates remained large, making estimates derived from small sample sizes unreliable to interpret (Fig. 2) .
MtDNA variation
We obtained the entire sequence for the 335 bp segment of the mtDNA control region in 152 of 219 (69 %) hDNA samples. We were able to successfully amplify sequence from 46 Pre-Act samples, 51 Early Post-Act samples, and 56 Late Post-Act samples. We observed 24 unique haplotypes, eight of which were not present among our modern samples for Buff-breasted Sandpipers (Online Resource 1). Among all temporal groups, the most common haplotype (CRM1) and second most common haplotype (CRM2) Figure 3a is a resampling effort for the control region. Figure 3b represents resampling for cytochrome b averaged 51 % (±2.0 %) and 19 % (±2.2 %) of the individuals, respectively. All other haplotypes occurred in \10 % of the individuals in each temporal group. All unique haplotypes present in hDNA temporal groups were singletons. Conversely, in the modern samples, we detected 34 haplotypes not found in the museum samples. Of the 34 unique haplotypes in the modern samples, 19 were also singletons. We did not observe any substantial shifts in haplotype frequencies over our study period for the mitochondrial control region (Table 1) .
Haplotype and nucleotide diversity estimates for the control region remained stable over our study period (Table 1) . Pairwise AMOVAs did not indicate significant differentiation between any two temporal groups. Lack of differentiation was consistent for our four temporal groups (pairwise-U ST were not significantly different than 0; P for any pairwise comparison[0.65) and the combined pre-and post-Act samples (U ST = -0.011, P = 0.960). The proportion of haplotypes to individuals (h/N) was also stable over time (trend analysis: v 2 = 0.171, P = 0.679). The observed pattern held even after correcting haplotype proportion estimates for variation in sample size (A) with a rarefaction analysis (Table 1) . It is important to note that the standard deviation values for the rarefaction analysis were very large. This is likely due to the presence of one central, common haplotype and many rare haplotypes leading to uncertainty in estimating the true expected number of haplotypes.
For 151 museum specimens successfully sequenced at our 552-bp cytochrome b segment, we observed 14 distinct haplotypes, five of which were not present in our modern population. All five unique haplotypes present in museum specimens were singletons, as were eight of the 13 unique haplotypes in the modern group (Fig. 3) . We observed a similar haplotype distribution pattern to that of the control region in cytochrome b; with the most common haplotype . Each filled node represents a unique haplotype in that temporal group and peripheral dots represent haplotypes found only in other temporal groups. The number of individuals representing a haplotype is proportional to the size of the node. Shared haplotypes between temporal groups are connected with thin lines, and the most common haplotypes (CB1 and CB2) are labeled for reference. Haplotype networks for control region had a similar topology (not shown) [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] ) represents the adjusted sample size for 500 iterations of random resampling N number of individuals, H d haplotype diversity ± SD, p nucleotide diversity ± SD, h total number of haplotypes, A rarefaction estimate of haplotypes ± SD, h/N the proportion of haplotypes to the total number of individuals in the population; 95 % CI confidence intervals around the proportion of the most common haplotype relative to the total sample (CBM1) accounting for 82 % (±3.1 %) of the individuals across all temporal groups (Online Resource 1). The patterns of haplotype diversity appeared similar between the control region and cytochrome b. In cytochrome b, diversity indices and estimates of N ef were larger in the pre-Act samples than the late post-Act samples (Table 1) . However, a trend analysis of the proportion of haplotypes to sample size (h/N) did not indicate a pattern of decaying genetic variation (Table 1 , v 2 = 1.42, P = 0.234), and pairwise-U ST values estimated from standard AMOVAs did not differ significantly from 0 (all P [ 0.15). Both results support the absence of population differentiation among temporal groups. Further, the overall topology of the haplotype networks did not change over our study period (Fig. 3) . The pattern of stable cytochrome b diversity during our 135-year study period was supported by the resampling analysis of the modern population. H d point estimates from each temporal group overlapped with the 95 % CI of H d estimated from the modern population, implying that individuals from each temporal group were likely to have been sampled from a global population with similar mtDNA variation to the modern population (Fig. 2) .
Demographic reconstruction
Estimates of h w were similar between the pre-Act and modern temporal groups for both the mtDNA control region and cytochrome b, implying no substantial change in N ef during our 135-year study period ( Table 2 ). The estimates of h w derived from cytochrome b appeared to decline when only museum samples were included; the highest estimates of N ef were for the Pre-Act group and the lowest estimates were for the Late Post-Act group (Table 2) . However, h w in the modern temporal group was not significantly different from any other temporal group, which does not support a decline in N ef during our 135-year study period.
We conducted a Bayesian Skyline reconstruction of trends in population size over our sampling period for cytochrome b using the Tamura-Nei model of nucleotide substitution with invariable sites (TrN?I model, base frequencies of A = 0.284, C = 0.313, G = 0.132, T = 0.270) and a relaxed lognormal clock (Tamura and Nei 1993) . The resulting Bayesian Skyline plot supported a constant effective population size following the ban on market hunting, a result consistent with the temporal patterns of variation in our estimates of N ef (Fig. 4) . 
Discussion
The goal of our study was to assess how genetic variation changed within the global Buff-breasted Sandpiper population following a sudden, large-scale population decline at the turn of the 20th century and continuing gradual declines during the past century. We expected a decrease in mitochondrial DNA variation and effective population size of females following patterns found in other birds of conservation concern (Martinez-Cruz et al. 2007; Solovyeva and Pearce 2011; Draheim et al. 2012) . Unexpectedly, we found little evidence of change in genetic variation when we compared several measures of mtDNA variation, N ef , and haplotype distributions over a 135 year time period that coincided with a series of reductions in population size. Most individuals from the historical samples exhibited one of two major haplotypes separated by a single mutation; this topological pattern was consistent with the pattern of haplotypes found in the modern population (Fig. 3 , Lounsberry et al. 2013) .
One important finding of this study was the sensitivity of diversity indices to sample size when overall diversity was low. Even at large sample sizes (n = 100), confidence limits of H d calculated from the resampled populations were large and indicated that H d could be greatly over-or under-estimated. Additionally, rarefaction analysis of haplotype proportions yielded large standard deviations. These findings emphasize the importance of cautious interpretation of trend data derived from small genetic datasets (e.g., from a sample relying heavily on museum collections). Despite a substantial sample size relative to other hDNA studies, metric sensitivity prompted us to use multiple independent techniques to adequately address our hypotheses. Studies that draw inference solely from diversity index estimates in small samples risk over-or underestimating haplotype diversity, and by proxy genetic variation, in historic populations. Also, conservation studies that use hDNA derived from museum specimens require an understanding of contemporary population genetic characteristics when selecting an adequate sample size to address their hypotheses. Our study, for example, was a unique case because a majority of contemporary individuals (approx. 75 %) had one of two major control region and cytochrome b haplotypes, necessitating a larger sample size than a study system with more evenlydistributed haplotype frequencies (Lounsberry et al. 2013) . When only a small number of historical samples (in our case n \ 100) are available, it is advisable, when possible, to resample parameter estimates to understand how historical patterns of genetic variation affect the precision of those estimates. In addition, using a combination and variety of statistical and descriptive tools may further assist in understanding the consensus pattern of variation through time. Using multiple independent approaches to address our hypotheses, we feel our inferences are strongly supported.
For both the mtDNA control region and cytochrome b gene in Buff-breasted Sandpipers, we observed patterns of stable variation and effective population size over the past 135 years. Multiple independent tests did not support the hypothesis that genetic variation declined over the course of the 20th century. These tests included a CochranArmitage test for a trend in haplotype proportions over time and multiple AMOVAs among temporal groups. Similarly, overlapping 95 % confidence intervals for estimates of h w as a proxy for effective population size, proportions of individuals with the most common haplotype, and rarefaction corrected haplotype richness indicated stable genetic variation and effective size. We supplemented the statistical evidence for no decline in genetic diversity by visualizing this pattern graphically in our haplotype networks and Bayesian Skyline plots. These results supported previous inferences made from mtDNA and microsatellite analyses of the contemporary population that no genetic bottleneck was detected. The results of multiple, independent statistical tests and descriptive tools for two mtDNA markers across both contemporary and historical populations allowed us to infer little or no decline in genetic variation in Buff-breasted Sandpipers during the 20th century.
While we expected to see a signal of declining genetic variation, other studies have also found mtDNA variation to be stable in species with declining populations (Brown et al. 2007; Kuro-o et al. 2010; Reding et al. 2010) . In these species, high levels of mtDNA variation were likely maintained because historical populations had high genetic variation or large effective population sizes prior to declines and because populations recovered or stabilized quickly once these species were managed. Large populations are typically more resistant to the genetic effects of population reduction, and it is possible that a large population size prior to commercial harvest combined with concomitant high genetic variation, as well as legislation aimed at controlling market hunting, helped Buff-breasted Sandpipers retain genetic variation ). In addition, genetic variation may have been stabilized by certain natural history traits of this species, including a lack of breeding site fidelity which maintained a highly admixed global population, and a promiscuous mating pattern exhibited by females which promotes a more even reproductive output and large effective population size .
Here, we illustrated the utility of museum specimens for assessing trends in mtDNA variation within a declining population of migratory shorebirds. Our molecular analyses provided a historic perspective on the impact of anthropogenic disturbance on the future adaptability in Buff-breasted Sandpipers. Our results indicated that mtDNA variation and N ef have remained stable, and no evolutionarily distinct matrilines have been lost in Buffbreasted Sandpipers during the past 135 years. However, the failure to detect a loss of genetic variation in Buffbreasted Sandpipers does not indicate that active conservation or management actions are not warranted. Genetic variation is only one of multiple parameters used to determine population viability and does not fully address factors leading to demographic stochasticity as a mechanism of extinction. A limited number of studies suggest that Buff-breasted Sandpipers have been experiencing population declines, but a large pre-decline population size, global admixture, and the recentness of population declines could obscure a clear genetic signal . Indeed, genetic variation must always be interpreted in the context of population trends (e.g., reduction of population size, Gregory et al. 2011) , which are mixed and largely unknown for this species.
The global loss and degradation of habitat essential to this species makes it vulnerable to extinction. To limit the impacts of demographic stochasticity and maintain robust populations of Buff-breasted Sandpipers, management recommendations outlined in the species conservation plan should be implemented . Specifically, birds that breed in the arctic need to be protected from the direct and indirect effects of oil and gas development, which is reducing habitat quality and potentially increasing predation rates (Liebezeit et al. 2009 ). Major stopover sites in the central U.S. need to be managed carefully to prevent further losses of suitable habitat and reduce chemical contamination (Jorgensen et al. 2008; Strum et al. 2010) . Last, habitat degradation in winter sites across Brazil, Argentina, and Uruguay must be managed to limit possible habitat loss and population fragmentation (Almeida 2009 ). It is fortunate that this species has maintained genetic variability in the face of population losses, although pressures on the population are occurring globally and the population threshold at which genetic variation will be lost quickly is unknown (Lynch and Lande 1998) .
